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NASA Goddard Space Flight Center 

CCMC/SWRC Models, 
Tools, Services 

http://ccmc.gsfc.nasa.gov!

Based on the materials presented by Masha @ 
previous Heliophysics Summer School!



http: //ccmc.gsfc.nasa.gov!

Here	





Educational Materials On CCMC Web!
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Ionosphere/Thermosphere: Spatial scale: km (< 1000 km) 
Typical velocity: several 100 m/s   
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CCMC Models Cover the Entire Domain!
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Monitors	



Magnetosphere: Spatial scale: 1 RE (Earth’s radius) = 6370 km 
Typical velocity: several 100 km/s 
L1 (Solar Wind Monitor ACE location, also SOHO): ~ 200 RE sunward  
Global MHD simulation domain (30 RE (dayside) <  X < - 100 RE (tail) 
Inner boundary ~ 3RE  (around the Earth) 
Rig Current / Radiation Belt (Inner magnetosphere): 2 RE < R < 8 RE 
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CCMC Models Cover the Entire 
Domain!

Solar/SW 
Monitors	



L1 (Solar Wind Monitor ACE location): ~ 200 RE sunward  
Solar Corona: 1 – 20  RS  
1  RS  (solar radius) ~ 110  RE  
Heliosphere: 2 – 10 AU 
 1 AU ~ 215  RS  
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CCMC Tools and Services


•  Runs-on Request service	


•  Interactive On-Line Visualization of simulation results, 	


•  Kameleon access and interpolation library, 	


•  Space Weather Explorer (SWX -3D visualization tool), 	


•  Integrated Space Weather Analysis System (ISWA). 




Heliophysics Laboratory Primer!



Heliospheric models!

SWMF/SH  (Gombosi et al – Univ of Mich.) 

         Complete, physics-based, heliosphere:          

         21.5 Rs – 2 AU                   21.5 Rs – 10 AU          

Sun	



Earth	



ENLIL (Odstrcil – NASA/GSFC) 

N R2	





Magnetospheric models 

Number	


density	



Sun	



Sunward (inflow) 	


boundary at X=33 RE:	


Solar wind parameters 	


are applied here 	


propagated from SW 
monitor, ACE	


at ~ 200 RE  	

Earth	



Inner boundary	


at R=3 RE 	



So
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Magnetotail	



Global MHD Models: Gombosi et al), OpenGGCM (Raeder), LFM (Lyon et al)	



 1000 RE 	





On-line Visualization �
Magnetosphere, Ring Current Electrons 


Click here	





Magnetosphere in Different Cut Planes �

meridional cut 
Y=0	



 equatorial cut 
Z=0       	



cross-tail cut X= -15 RE	



Magnetotail current sheet	



Magnetopause	

Magnetotail	



Bow shock	

 Bow shock	



Bow shock	





Magnetosphere: Magnetic Field Lines �

Red lines (closed): Magnetic field (MF) lines with both ends connected to the Earth	


Black lines (open): MF lines with only one end a the Earth	


Blue lines (interplanetary): MF lines with both ends in the interplanetary space	



Magnetosheath	





Inner magnetospheric models 
Include non-MHD physics 

Ring Current and Radiation Belt Models (3 Models, GSFC and UMichigan) – 
high energy particle fluxes (~keV – MeV) 

150keV protons	



 Quiet 	



 Storm 	





On-Line Visualization: Ring Current Electrons 


Click here	





Make a First Plot with Default Selections


Click here	



Choose time step from the pull-down menu	



Click  “Update Plot” to make a plot with 
default selections 




Electron Total Flux. �
Energy 63.3 keV.  Color Contour �

Sun	



Earth radius	



Equatorial Plane 


Magnetopause 


Geosynch. Orbit 




Coupled Ionosphere-Thermosphere Plasmasphere 
Model (CTIP) (Fuller-Rowell et al. NOAA, SWPC)!

H = 100 km Slice	


Colors: Oxygen Ions Density	


Vectors: Neutral Velocity	



Arecibo 	


[18.34, 293.25]!

Lat = 18.34      Slice	


Colors: Electron Density	





Space Weather Explorer 
http://ccmc.gsfc.nasa.gov/swx2  

Features include:	


o Java3D based	


o 2D and 3D views	


o User selectable cut planes	


o Fast, flexible fieldline tracing	


o Feature detection, includes 

open/closed field boundaries 
and critical points	



o Interactive manipulation of 
the visualizations	



o Exports 2D and 3D view in 
JPG, or PNG format 



Innovative Dissemination: iSWA!

ISWA has ~300 products including modeling results and comprehensive sets of observational data.!

8 



iSWA Design Highlights 

•  Comprehensive data model that drives the system 
•  Minimizes need for actual code modifications 
•  Allows rapid additions and modifications to data feeds and  display products 
•  Every granule of data is registered, cataloged, and archived 
•  Access data products for any available time period 
•  Generate new tools and functionality using multiple existing data products


•  Consistent Interface with uniquely identifiable product icons 
•  Customizable layout 
•  automatically saved on browser exit 
•  can be bookmarked and shared 
•  Auto updating products and tools 
•  Individual and global date search functionality for historical impact 

analysis 
•  Detailed descriptions for data products
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FR

O
NT

 E
ND




http://iSWA.ccmc.gsfc.nasa.gov




Cygnet 
Date 

Controls 
Options


Cygnet 
Control 
Panel


Layout & Global Controls


Movie 
Mode 

Control




Interactive 
Products


Interactive 
timeline tool 

with pan, 
zoom, mouse-

over, and 
quantity 
toggling 

functionality 




iSWA Layouts!

DEMO	



iSWA layouts for recent significant SWx events	
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About WSA+ENLIL 



Wang-Sheeley-Arge 
(WSA Model)	


1 Rs – 21.5Rs (0.0046 -0.1AU)!

Photospheric magnetic 
field maps (can be from 
satellite observations such 
as SOHO/MDI or SDO/
HMI or ground-based 
observations such as the 
GONG magnetogram) are 
used as input to the WSA 
model (model solar corona 
up to 21.5 Rs) to represent 
the ambient solar wind. 	



The WSA+ENLIL 
Model Suite!

ENLIL: 0.1 AU – 2 AU (operations) !
Model of the solar wind in the heliosphere	
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EN = Lord + LÍL = Storm, "Lord (of the) 
Storm"! wikipedia!

Courtesy: Dusan Odstrcil	





32 

WSA+ENLIL:  
capable of modeling the solar 
wind for both ‘fair’ weather 

and ‘storm’ conditions 
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Fair weather: ambient solar wind 



Stormy Weather: Eruptions (CME) 
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Modeling of solar wind under stormy conditions!



ENLIL Visualization 

Courtesy of Stijn Calders @BIRA	
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Modeling of solar wind under stormy conditions	


Earth-directed!
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WSA+ENLIL+cone!
Predicting impacts of CMEs!

WSA+ENLIL!
Modeling and predicting 
the ambient solar wind!

Forecasting capability enabled by WSA+ENLIL!
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How to Model CMEs!
   Cone Concept!

39!



Stormy Weather: Occurrence of CMEs!



Orbits of STEREO A and B!
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Cone model parameters	



•  tstart -  when cloud at  21.5Rs	



•  Latitude	



•  Longitude	



•  Radius (angular width)	



•  Vr - radial velocity	


Input to ENLIL cone model run	
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Triangulation Tool!

DEMO!

Start time of the event: 
2013-04-11T07:36Z.	


 t1: 08:00Z	


 t2: 10:30Z	
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Triangulation Tool!

DEMO of save function	
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Triangulation Tool!

CME analysis tool - Antti  !
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One Click for launching a CME 
simulation 



CME Forecasting Score Board!

Score Board	


Community ‘Ensemble’ Forecasting	





Database Of Notifications, Knowledge, 
Information (DONKI)!

Based on forecasters 
daily logs and interns’ 
research projects!

Powerful research tool/resource!



DONKI	





Extras!
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CME cases!

1. Start time of the event: 2013-03-15T06:54Z.	



2. Start time of the event: 2013-03-05T04:24Z.	


!04:40 for starting time – a difficult case	



3. Starting time of 2013-05-03T18:00Z	


!t1: 18:55, t2: 20:10	



4. Starting time of 2011-03-07	


!t1: 16:00, t2: 17:30 CME2: 20:45, 20:55	



5. Starting time of 2013-04-24	


!t1: 02:25, t2: 03:25	



6. 2012-02-10	


!t1: 21:55, t2: 00:10Z!



January 2010 [TRL 6]! January 2012 [TRL 7/8]!

iSWA Version 1.0! iSWA Version 1.9.8!

171 Data Feeds! 370 Data Feeds!

6 Million Data Files! 27 Million Data Files!

135 SWx Products/Cygnets! 275 SWx Products/Cygnets!

3K Visits (2008, 2009)! 170K Visits (2010, 2011)!

728 NASA Visits (2008,2009)! 10K NASA Visits (2010, 2011)!

671 Unique Visitors (2008, 2009)! 70K Unique Visitors (2010, 2011)!

0 twitter followers @NASAiSWA! 132 twitter followers @NASAiSWA!

http://iswa.ccmc.gsfc.nasa.gov!

Usage/Growth




Usage & Statistics 
Feb 12, 2012 – March 12, 2012 



Spatial Scales 

Spatial Scales 
Ionosphere/Thermosphere: Spatial scale: km (< 1000 km) 
Typical velocity: several 100 m/s   
Magnetosphere: Spatial scale: 1 RE (Earth’s radius) = 6370 km 
Typical velocity: several 100 km/s 
Solar Corona: 1  RS  (solar radius) ~ 110  RE  
Heliosphere:  1 AU ~ 215  RS  



Request a Run!




